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 Abstract Soil forms a thing mantle over the Earts surface and acts as the interface 
between the atmosphere and lithosphere, the outermost shell of the Earth. It is a multiphase 
system, consisting of mineral material, plant roots, water and gases, and organic matter at 
various stages of decay (Bardgett R., 2005,). Soil temperature influence plant nutrients uptake 
through a multitude of chemical, physical and biological processes that intercat over wide range 
of spatial and temporal scales (BassiriRad H, 2005) Steaming is traditionally used in 
glasshouses to sterilise the soil and control both weeds and diseases prior to crop establishment. 
Steam is applied under pressure beneath metal pans forced down onto freshly formed beds for 
periods of 3-8 minutes. The steam raises the soil temperature to 70-100 °C killing most weed 
seeds to a depth of at least 10 cm. The increase in inorganic substances in soil due to steaming 
means an increased fertility as more nutrients become available for the plant (Bond et al., 2003) 
 




Soil forms a thing mantle over the Earths surface and acts as the interface 
between the atmosphere and lithosphere, the outermost shell of the Earth. It is a 
multiphase system, consisting of mineral material, plant roots, water and gases, and 
organic matter at various stages of decay. The soil also provides a medium in which an 
astounding variety of organism live. These organisms not only use the soil as a habitat 
and source of energy, but also contribute to its formation, strongly influencing the 
soils physical and chemical properties and the nature of the vegetation that grows on 
it. Indeed, along with vegetation, the soil biota is one of five interactive soil forming 
factors: parent material, climate, biota, relief, and time (BassiriRad H, 2005). The first 
step towards understanding what controls the abundance and activities of these 
organisms, and also the factors that lead to spatial and temporal variability in soil 
biological communities, is to gain an understanding of the physical chemical nature of 
the soil matrix in which they live (BassiriRad H, 2005). Soil temperature influences 
plant nutriens uptake through a multitude of chemical, physical and biological 
processes that intercat over wide range of spatial and temporal scales. A fundamental 
characteristic of most ecosystems is that of constantly changing soil temperature in 
diurnal and seasonal cycles, which strongly influences the dynamics of nutrient 
availability and uptake by plants (BassiriRad H, 2005) Steaming is traditionally used in 
glasshouses to sterilise the soil and control both weeds and diseases prior to crop 
establishment. However, now it is also used as an inter-row weed-management method 
during the crop growing cycle. Steam is applied under pressure beneath metal pans 
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forced down onto freshly formed beds for periods of 3-8 minutes. The steam raises the 
soil temperature to 70-100 °C killing most weed seeds to a depth of at least 10 cm. It is 
also possible to use jets of steam to kill emerged weeds (Bond et al., 2003). Until 
recently most thermal weeders were based on gas powered burners. The best designs 
generally use ‘liquid’ rather than ‘gas’ phase burners as these are much less prone to 
pressure-drops and they incorporate a shroud or hood to retain heat and protect the 
flames from wind. Steam has a number of advantages over flame weeders, in that 
steam is much more efficient at conducting heat, has better penetration into foliage, 
operates better in windy and wet conditions, is safer and some machines can be used to 
weed over plastic and even paper without causing damage (Schonbeck, 2012). 
Steaming practices however, decrease the abundance of soil microorganisms and 
studies show that soil communities may recover but their structure may remain affected 
for at least 2 months following the steaming. Thisshould be taken into account prior to 
the selection of this method (Roux-Michollet et al., 2008).  
 
STEAM EFFECT ON THE CHEMICAL PROPERTIES OF SOIL 
 
Nitrogen, soluble salt, phosphorus, potassium, magnesium, manganese, iron 
and aluminium were considered the growth factors presumably affected by steaming. 
Nitrogen. The steaming of this soil caused an immediate increase of 33 ppm mineral 
nitrogen, due to a liberation of NH4-N from decomposed organic material, primarily 
the biomass (JAGER et al., 1969). 
Table 1 
NH4 and NO3-N (ppm) present in steamed and unsteamed soil during the experiment 












Not-steamed soil - - 24 2 72 74 0 91 91 
Steamed soil - - 57 79 43 122 73 70 143 
Source: (JAGER et al., 1969) 
 
Apart from this direct increase of the amount of mineral nitrogen the 
mineralization rate of nitrogen in the soil after steaming proved higher than in the fresh 
soil, due to an accelerated decomposition of available organic matter. The mineral 
nitrogen, accumulating in this period, especially during the first weeks, was exclusively 
ammonium nitrogen. This is a well-known fact in steamed and partially sterilized soil. 
The formation of nitrate was retarded during the firs week, 56 days after steaming the 
largest part of the inorganic nitrogen was still NH4-N and even after 79 days the 
amounts of NH4-N and NO3-N were about equal (table 1). The exterminated nitrifying 
seem to be slowly replaced by new population (JAGER et al., 1969). 
Very striking is the effect of the uptake of salts by plants, which was generally 
higher on steamed than on fresh soil. Such a higher uptake of different elements by 
plants grown on steamed soil was already observed by Darbyshire and Russell (1908), 
Russell and Petherbridge (1912), Millikan (1942), and Roll-Hansen (1952). Richter 
(1896) already noted an increased amount of salt, extractable with cold water from 
steamed soil. Lyon and Bizzel (1910) reported a 100-600% increase in soluble salts 
after steaming Quoted by  (JAGER et al., 1969). 
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P2O5 (water-soluble). There was no clear influence of steaming on the amounts 
of water-soluble phosphates, and the effect of leaching was nil in steamed soil. The 
addition of gypsum reduced the solubility of the phosphate by increasing the amount of 
calcium ions in the soil solution. A similar effect, depending on possibly changed 
concentrations of cations forming insoluble phosphate compounds could be presumed 
for steaming (JAGER et al., 1969). (Yilvaiaio et al.,)  observed that water-soluble 
phosphorus increased with soil temperature from 50c-250c due to the increase in the 
movement of phosphorus in the soil controlled by diffusion. 
K2O (water-soluble). The solubility of potassium was enhanced by steaming. 
The effect of leaching is clearly visible, the addition of gypsum increased the amounts 
of potassium by exchange against calcium ions and the addition of ground straw also 
enhanced the amount of soluble potassium as the decomposing straw released 
potassium and other cations, which could be exchanged against potassium in the soil. 
The uptake of potassium by the plant decreased significantly the amount of water-
soluble potassium in the soil (JAGER et al., 1969). 
Mg (soluble in buffer solution). The influence of steaming on the amounts of 
Mg in the different treatments was irregular. Comparing the amounts of P and Mg in 
this experiment, there seems to be a negative correlation. In all cases where the amount 
of Mg decreases as a result of steaming and treatment the amount of P increases; the 
reverse holds too. This only applies to the unplanted soil. The formation of insoluble 
Mg-NH4-PC>4 compounds might be responsible for this phenomenon. The uptake by 
the plants was irregular in the differently treated samples. The very low content of Mg 
in the fresh soil before steaming must be considered to be determined incorrectly. Mn 
(soluble in buffer solution). Steaming gave rise to an enormous increase of Mn. The 
amounts rose from 3-4 ppm in the extract of unsteamed soil to 22-24 ppm in the extract 
of steamed soil (JAGER et al., 1969).  During steam sterilization Mn compounds 
normally not available to plants are apparently converted into available compounds, 
shown by a strong increase of water soluble and exchangeable Mn concentration as a 
result (Sonneveld et al, 2009). 
The observed increase of available manganese due to steaming, is a 
confirmation of earlier studies. Darbyshire and Russell (1908) observed already this 
fact, reported later by many other investigators. The amount of easily decomposable 
organic matter in the soil seems by reduction to contribute to the amount of available 
Mn during steaming, as is observed by McCool (1934) and Graven et al. (1965). The 
augmentation in available Mn is higher in soils steamed in a wet than in a dry condition 
(McCool, 1934; Walker and Thompson, 1949; Lapensee, 1959). According to McCool 
(1934) the amounts become higher, the higher the soil temperature is during steaming. 
Lapensee (1959) stated that available Mn increases with prolonged duration of 
steaming. The enormous rise in available Mn, which in acid soils may become harmful 
to plants (sterilization disease) can be prevented by raising the pH with Ca(OH)2 or by 
liming (McCool, 1934; Walker and Thompson, 1949; Ozaki 1959; Graven et al., 
1965). Quoted by  (JAGER et al., 1969). 
Fe and Al (soluble in buffer solution). The amounts of both elements in the 
extract were only slightly increased by steaming of the soil, viz about 0.2 ppm.  Roll-
Hansen (1952) observed a small decrease of Fe in plants grown on steamed soil. 
Sonneveld (1965) reported a small gain in extractable Fe due to steaming. Kelley and 
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McGeorge (1915) reported a rather small increase in soluble Al in steamed soil. 
Messing (1965b) showed that steamed soil had a higher content of extractable Al than 
fresh soil. Other elements are also found to become more soluble due to steaming: 
boron,   calcium,  silicon sodium,  sulphate,  and copper  Besides the solubility of 
inorganic compounds, soil steaming enhances also the solubility of organic material,  
who reported a 6 to 80 fold increase (JAGER et al., 1969). 
The pH (water) of the soil at the start of the experiment and of steamed and 
unsteamed samples in course of time are presented in Table 2. The changes in the pH 
due to steaming were only small. The pH values measured in leached soil are about 
0.1-0.2 units higher than in the corresponding unleached soil. In planted soil the pH 
was 0.1-0.2 units higher than in unplanted soil (JAGER et al., 1969). 
 
Table 2 
Changes in the pH-water in steamed and not-steamed soil 
Unplanted Planted 











6.9 6.7 6.9 
Steamed soil 7.1 6.7 6.8 
Surse: (JAGER et al., 1969) 
 
 Herzog (1939) observed a reduction of the water-holding capacity after 
steaming of alcaline soils  in other soils sometimes an increase was observed. She 
found the structure of heavy soils to be deteriorated if these were poor in humus. In 
general, the occasionally unfavourable influence of steaming on soil structure is small 




The increase in inorganic substances in soil due to steaming means an 
increased fertility as more nutrients become available for the plant. However, too high 
concentrations may become harmful towards the plant. The main substances 
responsible for the harmful effect of soil steaming on the growth of plants, mentioned 
in literature and partly also observed in the present investigation are: ammonium, 
manganese, nitrite, and some compounds formed and solubilized due to 
transformations of the organic matter of the soil. The concentration of NH4-N rises 
often to very high levels, and it persists for many weeks. It is shown, that the amount of 
NH4-N liberated by steaming rises in proportion to: soil organic-matter content 
(biomass), moisture content, temperature and duration of steaming, and the pH of the 
soil.  The changes taking place in the soil during steaming not only depend on the 
technique of steaming (temperature, duration, moisture content) but also to a high 
degree on the soil composition, viz. on the properties of its mineral constituents and 
especially of the organic matter (amount of biomass, the quantity of reactive organic matter, its 
parent material, the transformations of that material, and its saturation with cations of different 
type). More studies are needed to get a better insight in the problems and possible relations, 
mentioned above (JAGER et al., 1969). 
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